From: Michael Overbay

To: Ramona Trovato; Doug Beak; David Jewett; Susan Mravik; Steven Acree; Randall Ross; Gene Florentino
(daflorentino@ene.com); khwilkins@owrb.ok.gov
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Date: 03/15/2012 04:49 PM

Attachments: Gantt Chart timeline020212.xIsx

Well Installation Tech memo.pdf

Hello folks,

Our meeting with Chesapeake is now scheduled for Friday, March 23rd, 2012, from
8:30 am - noon, CDT, at their offices at 5600 North May Avenue, Oklahoma City,
OK 73112. We will meet in the lobby at 8:25 am.

For those who cannot attend but wish to call in, we will use my conference line,
(866)299-3188,

For those who are arriving from out of town the day before, there is a Hilton Garden
Inn immediately next door, at 2809 NW Expressway (the Oklahoma City/Midtown
location). Other hotels in the immediate area include a Holiday Inn Express, Crown
Plaza, Hampton Inn, and a Marriott.

Attached are the project schedule and the technical memorandum of the monitoring
well project which we have previously provided to Chesapeake.

il =

Gantt Chart timeline02027 2. slz: WwWel Installation Tech memo. pdf

We meet with Stephanie Timmermeyer, Director, Regulatory Affairs - Federal; John
Satterfield, Director, Environmental and Regulatory Affairs; Chris Hill, who is their
technical point of contact, and other staff members they will invite.

We are inviting multiple drillers who have experience in installing horizontal
monitoring wells to attend and answer technical questions directly.

See you next week.

Michael Overbay, P.G.

Regional Ground Water Center Coordinator

U.S. Environmental Protection Agency - Region 6

(214)665-6482

(214)665-2191 (FAX)

Visit the Ground Water Center on the web at:
www.epa.gov/earthlr6/6wq/swp/groundwater/gw.htm
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ecology and environment, inc.

Global Environmental Specialists

BUFFALO CORPORATE CENTER
368 Pleasant View Drive, Lancaster, New York 14086
Tel: (716) 684-8060, Fax: (716) 684-0844

February 24, 2012

Dr. Douglas G. Beak

Geochemistry/ Environmental Chemistry
USEPA-ORD-NRMRL-GWERD-SRB
919 Kerr Research Dr.

Ada, OK 74820

Re: Technical Memorandum — Installation of groundwater monitoring wells in
support of EPA’s hydraulic fracturing study.

INTRODUCTION

Ecology and Environment, Inc. (E & E) has prepared this technical memorandum on
behalf of the EPA’s Office of Research and Development in support of their ongoing
study of the potential impacts of hydraulic fracturing on underground sources of drinking
water (USDWSs). The purpose of this memo is to provide technical specifications and
descriptions for the installation of non-standard groundwater monitoring wells to be used
to collect groundwater samples from beneath Chesapeake Energy’s planned natural gas
well pad.

Itis E & E’s understanding that the EPA and Chesapeake are considering a new study
location in Northern Oklahoma. Based on previous communications with EPA and
Chesapeake, we understand that tradition vertical wells cannot be installed through the
proposed gas well pad and that an alternative method, which does not penetrate the pad,
needs to be utilized. The purpose of the sub-pad monitoring wells is to provide sampling
locations within reasonable proximity to the planned natural gas well so that any
potential groundwater impacts could be identified within the time frame of EPA’s study.
This is largely a function of groundwater flow velocities and contaminant travel times.
Therefore monitoring points must be close enough to a potential source (the production
well and pad) to adequately determine if impacts to the underlying aquifer have occurred
or not.

BACKGROUND

Based on information provided by EPA, it is our understanding that the potential study
site is underlain by approximately 50 feet of unconsolidated material with competent
bedrock consisting predominantly of shale at approximately this depth, which may
contain zones of sandstone or siltstone stingers within the shale formation. Additionally,
unconfined groundwater is anticipated to be at a depth of approximately 15 to 20 feet
below ground surface (BGS). E & E has also assumed that the dimension of the natural
gas well pad will be approximately 400 feet by 400 feet and that the initial production
well will be installed approximately 75 feet from the downgradient edge of the well pad.
The well pad and production well will be installed after the sub-pad monitoring points
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have been completed. E & E has used these assumptions in developing the proposed
procedures described in this memo for installing groundwater monitoring locations
beneath the production well pad.

Prior to installing groundwater monitoring wells, the EPA will install temporary
piezometers in the vicinity of the site to determine actual subsurface conditions including
groundwater flow direction, depth to water and depth to bedrock using direct push
drilling techniques. In addition, the initial phase of the monitoring well installation
program will incorporate the installation of a 300 foot exploratory boring (off-pad) to
determine the presence or absence of water bearing zones in the bedrock. The
exploratory boring will be converted into a deep monitoring well. For the purposes of
this memo, E & E has assumed that monitoring points will be required downgradient of
the production well at depths of 20 feet (top of water table), 50 feet (base of the
unconsolidated aquifer), and 300 feet (within the underlying shale formation). Actual
depths of monitoring points will be established based on the results of the initial
subsurface investigations. Once the data is collected from the piezometers and
exploratory boring, EPA will install clusters of traditional monitoring wells at other off-
pad locations and conduct other sampling activities. Installation of traditional vertical
wells and additional sampling is not discussed in this memorandum, but will be included
in the site-specific Quality Assurance Project Plan (QAPP).

MONITORING WELL INSTALLATION
E & E has developed two possible options for the installation of sub-pad monitoring
wells. These include:

m Option 1: Installation of traditional vertical monitoring wells with off-pad access
with total depths of 20 ft,50 ft and 300 ft; and

m Option 2: Horizontal Directional Drilled (HDD) wells with total depths of 20 ft and
50 ft and a 300 ft angle drilled well using a traditional derrick rig.

Each of these options will meet the criteria of not penetrating the planned production well
pad, yet will provide sampling points within approximately 15 feet of the planned
production well. Figure 1 illustrates the general site layout and locations for each drilling
option. In Figure 1, the monitoring well infrastructure is depicted as downgradient from
the planned production well and parallel to ground flow. However, depending on site
conditions including actual groundwater flow direction, depth to water, and drill rig
access, the borehole starting locations maybe changed, but the drilling procedures will
generally remain the same.

OPTION 1: VERTICAL MONITORING WELLS WITH OFF-PAD ACCESS

Under this drilling option, all monitoring well installation work would be conducted prior
to construction of the production well drill pad. Although not relative to the installation
procedures, E & E has assumed that the drill pad will be approximately four feet thick
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once completed. E & E also assumes the location of the future production well and pad
will be located/staked prior to beginning monitoring well installation activities.

As shown in Figure 2, three monitoring wells will be installed to nominal depths of 20 ft,
50 ft, and 300 ft below ground surface, and approximately 15 feet laterally
(downgradient) of the planned production well. Each well will be within approximately
5 feet of each other and will be terminated within a steel or concrete vault buried
approximately 4 feet below the existing ground surface. Lateral piping will then be
extended in a trench from the buried vault approximately 70 feet to an off-pad location
and completed in a second steel or concrete utility vault that can be accessed from the
surface. Sweep 90° elbows will be used to connect the vertical and lateral portions of
the well. Figure 2a shows a detailed schematic of the proposed wells and piping system.

Installation of the monitoring wells using this approach will require the use of dedicated
bladder pumps (see Figure 3). The selected pumping system will have to be installed as
the well is constructed since there will be no access to the well vault once the drilling pad
is completed. Since access to the wells will be limited, if deemed necessary, a pressure
transducer may need to be installed as the well is completed to facilitate water level
measurements in the well. Once the vertical portion of the well is completed, each well
will be developed prior to connecting the lateral piping. A dedicated pump will be set in
each well and tubing and electrical wiring will be threaded through the lateral portion of
the well as it is constructed. Sampling access will be in the off-pad utility vault.

The monitoring wells will be constructed using 10 to 20 feet of 4-inch diameter flush
threaded PVC well screen and casing. A 1 foot PVC sump will be added to the bottom of
each well. The remainder of the well will be constructed as follows:

m The annular space between the borehole wall and the well screen/sump will
backfilled with 10-20 silica sand, to approximately two feet above the screened
interval.

m The annular space above the sand pack will be sealed with a 3 foot bentonite pellet
seal, which will be placed by tremie pipe.

m The remaining annular space will be filled with bentonite cement grout until flush
with the bottom of the vault. Bentonite cement grout will consist of 6 percent by
weight of a pH neutral bentonite (e.g. pure-gold brand).

The wells will be abandoned after study/sampling activities are complete in accordance
with state regulations.

OPTION 2: HORIZONTAL DIRECTIONAL DRILLED (HDD) MONITORING WELLS
AND ANGLE DRILLED WELL

Under this drilling option, both the 20 foot and 50 foot wells would be installed using

HDD technology, and the deep well will be installed using angle drilling technology (as
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described below). Active wireline guidance will be used to monitor the bit location to
ensure that the well screen is placed at the desired locations.

HDD WELL INSTALLATIONS

As stated above, E & E assumes that the HDD wells will be installed prior to production
pad construction and the location of the planned production well and pad will be
located/staked. HDD technology allows for low angle drilling (from horizontal) in order
to reach targets beneath obstructions (e.g. production well pad). Figure 4 illustrates a
typical HDD rig. As shown in Figure 5, both shallow monitoring wells would be
installed from off-pad locations and terminate approximately 15 feet from the planned
production well. The HDD drilling method is capable of installing a boring with
approximately a 5 to 1 horizontal to vertical ratio. That is, 1 foot of vertical drop for
every 5 feet horizontally. As a result, the starting location and minimum distance for
each well is dictated by the final depth of the well. Figure 3 shows the minimal starting
distances of approximately 100 feet for the 20 foot deep well and 250 feet for the 50 foot
deep well. Figure 5a shows a detailed schematic of the proposed HDD wells.

Horizontal boreholes can be completed either with an entry and exit point or as a single-
entry completion. Boreholes completed using the entry/exit scenario are conducted as
follows”

m The borehole is drilled to the exit point using mud rotary drilling.
m Itis then reamed as casing and screen is pulled back through the hole from the exit
point.

In a single-entry scenario, the surface is penetrated only once and the borehole completed
as follows:

m The borehole is drilled via mud rotary drilling

m All drilling and casing/screen installation, activities take place at the entry point end.
m The pilot hole is drilled

m Drill rods are withdrawn to attach a succession of reamers to enlarge the borehole.

m Finally, all rods are withdrawn

m  Well screen and casing is pushed into place.

Under each scenario, the well is installed using a steerable drilling bit and circulation of
drilling mud to prevent borehole collapse. Once the target depth is reached and the rods
removed, the well screen and casing are placed in the borehole. For this project, E & E
would propose to use a pre-packed screen assembly manufactured by Johnson Screens.
The screen assembly consists of stainless steel wire screen and filter media wrapped in an
outer stainless steel mesh. The screen assembly is then threaded to PVC well casing. A
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detailed description of the Johnson Screens pre-pack (Muni-Pak™) is included as
Attachment A. As the well is placed, a formation packer (Figure 6) is installed above the
screen interval to prevent bentonite and bentonite cement grout from entering the screen
interval during well construction. For this site, an inert packer will be utilized. Once this
completed, the well is flushed to remove residual drilling mud and the borehole is
allowed to collapse on the pre-packed screen.

Both shallow wells will be constructed using 4-inch diameter Muni-Pak™ screen and
PVC well casing. Bentonite followed by bentonite cement grout will be placed by tremie
pipe to ground surface. Following completion of the well, a dedicated bladder type pump
will be installed in each well to facilitate development and sampling (see Figure 5a). The
wells will be abandoned after study/sampling activities are complete in accordance with
state regulations.

ANGLED WELL INSTALLATION

In addition to the 25 ft and 50 ft HDD sub-pad wells, the EPA is also proposing to install
one deeper monitoring well to a depth of approximately 300 feet into the shale unit
beneath the site. As stated above, E & E assumes that the deep angle well will be
installed prior to production pad construction and the location of the planned production
well and pad will be located/staked. This well will be installed using a traditional mud
rotary drilling rig capable of drilling at an angle. Based on the assumed location of the
production well, an angled borehole will be drilled at approximately a 13° angle off of
vertical. The entry point of this well will be located approximately 85 feet from the
production well and terminate approximately 15 feet laterally from the production well.
An initial borehole will be drilled to a depth of approximately 65 feet below ground
surface (approximately 10 feet into the shale formation) and surface casing will be
cemented in-place to seal of the overlying unconfined aquifer. The cement plug will be
drilled out and the final borehole advanced to a total depth of approximately 300 feet.
Figure 7 illustrates the proposed angle well installation.

The monitoring well will be constructed using 10 to 20 feet of 4-inch diameter flush
threaded PVC well screen and casing to surface. A 1 foot PVC sump will be added to the
bottom of the well. The remainder of the well will be constructed as follows:

m The annular space between the borehole wall and the well screen/sump will
backfilled with 10-20 silica sand, to approximately two feet above the screened
interval.

m The annular space above the sand pack will be sealed with a 3 foot bentonite pellet
seal, which will be placed by tremie pipe.

m The remaining annular space will be filled with bentonite cement grout to surface.
Bentonite cement grout will consist of 6 percent by weight of a pH neutral bentonite
(e.g. pure-gold brand).
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Following completion and development of the deep monitoring well, sampling will be
conducted using a dedicated bladder pump. The well will be abandoned after study/
sampling activities are complete in accordance with state regulations.

WELL COMPLETIONS

All well casings will be sealed with a lockable water-tight expandable well cap. Because
each of the drilling methods listed above result in a non-vertical well, each well will be
completed as a surface completion in a steel or concrete utility vault.

GROUNDWATER MONITORING, PURGING AND SAMPLING PROCEDURES
Groundwater sampling events will be performed on the newly installed groundwater
monitoring wells as part of the groundwater characterization effort. These groundwater
monitoring, well purging, sampling, and analysis procedures will be used regardless of
how the wells are installed (horizontal directional drilling, vertical drilling, angle drilling,
etc.). Each newly installed monitoring well will be developed at least 48 hours before
well sampling. The intent of this hiatus is to provide time for the area around the newly
installed wells to equilibrate and re-stabilize after the disturbance caused by the drilling
and well installation processes.

Low-flow purging/sampling using dedicated bladder pumps will be used to obtain
groundwater samples from the monitoring wells. The objectives and methods for this
procedure are included in the EPA Region Il Guidance document titled Groundwater
Sampling Procedure, Low Stress (Low-Flow) Purging and Sampling (see Attachment B).
The primary goal of low-flow purging/sampling is to provide groundwater quality data
that are representative of actual aquifer conditions with minimal alteration caused by
inappropriate or variable sampling techniques. Typically, flow rates of 200 to 500
milliliters per minute (mL/min) are used for purging; however, this is dependent on site-
specific hydrogeology and observed drawdown. Sampling is typically performed at flow
rates of 100 to 250 mL/min. The equipment and procedure for performing low-flow
groundwater sampling are identified below.

Equipment
m Electronic water level indicator graduated to 0.01 foot and pressure transducer

receiver if used in Option 1.

m Stainless-steel and Teflon submersible bladder pumps (QED Environmental Systems
[QED] Model T1200 or equivalent or Solinst Micro-bladder pumps or equivalent)
and polyethylene tubing.

m  QED Model MP20 (or equivalent) water quality probe for (temperature, pH,
conductivity, ORP, DO, and turbidity), flow-through cell and associated calibration
solutions (pH buffers 4 and 7, and redox standard solution).

m Pump controller (QED Model 3013 or 400 or equivalent).
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Air compressor (QED Model 41000 or equivalent).
“plumbers snake”

Dedicated polyethylene tubing.

Turbidity meter.

Deionized water.

Nitrile gloves.

Plastic sheeting.

Paper towels.

Alconox solution.

5-gallon buckets or drums to contain purge water.
Appropriate sample containers.

A cooler with ice.

Procedures

Groundwater purging and sampling will be conducted using the low-flow approach.
Refer to the EPA Low-Flow SOP in Attachment B for details on this method. Listed
below is a summary of the procedure.

Install the dedicated, preassembled bladder pump and associated tubing in the
designated well (if not installed during well construction as in Option 1). The bladder
pumps will be preassembled by the factory with well specifications provided by

E & E once well installation is complete. The pump intake will be specified to be
placed within the center portion of the screened interval.

Decontaminate the probe of the water-level indicator.

Slowly lower the probe of the water-level indicator into the well until the indicator
light illuminates and/or the alarm sounds and record in the logbook the depth to water
from a marked reference point on top of the well casing. For HDD wells, the water-
level indicator will be advanced along the well casing using a “plumber snake”. For
Option 1, a pressure transducer may be used to measure water levels.

Calculate the volume of water in the well. If pressure transducers are not installed in
the Option 1 wells, well volumes will be based on depth to water measurements from
other off-pad vertical monitoring wells.

Turn on the pump and collect the initial water discharged.

Record the initial temperature, pH, conductivity, ORP, DO, and turbidity in the
groundwater sampling logbook.

Purge the well using an initial flow rate of 100 to 500 mL/min; however, the flow rate
should be adjusted to minimize drawdown to no more than 0.3 foot during the
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purging and sampling. The water level should be monitored with a water level
indicator at approximate 5-minute intervals.

m Record temperature, pH, conductivity, ORP, DO, and turbidity in the logbook
approximately every 5 minutes until stabilization of all parameters are achieved. The
purging will be considered complete after the field parameters have stabilized for
three successive readings. The readings are considered stable when three successive
readings are within the following EPA guidelines (Attachment B):

— 10 mV for ORP.

— 0.1 for pH.

— % 3% for conductivity and temperature.
— +10% for turbidity and DO.

m  Once stabilized and turbidity is 50 NTUs or less, the groundwater sample will be
collected. The sampler must wear disposable nitrile gloves during sampling and
discard the gloves once sampling is complete at each well. If turbidity is unstable
(i.e., > £ 10%), but less than 50 NTUs, the groundwater sample will still be collected
and the final turbidity recorded in the logbook.

m  Collect the groundwater sample following well purging (or sufficient recharge if
purged dry). The VOC aliquot of the sample will be collected first, followed by
remaining aliquots.

m Upon collection, place sample containers in a cooler maintained with ice at 4° C.

m Package and ship the samples to the laboratory via overnight delivery with completed
chain of custody documents.

m Decontaminate all down-hole non-dedicated equipment, and containerize and manage
all purge water and decontamination fluids.

m Re-lock the well cap and replace the well cover.

PREVIOUS USE OF HDD TECHNIQUES FOR GROUNDWATER MONITORIING

The use of HDD wells has been used for several applications including remediation,
water supply and groundwater monitoring. The most common uses are for remediation
(e.g. injections, withdraw) and water supply. However, there are no technical reasons
why horizontal wells cannot be used as groundwater quality monitoring points and have
been on several occasions. The use of HDD wells for groundwater monitoring is likely
less common due to the general use of less expensive traditional vertical wells and
available funds allocated for investigation versus remedial phases of a project. In most
cases where obstructions exist (such as building slabs, etc.), traditional wells are installed
through these obstructions rather than implementing HDD procedures. In the case of
EPA’s hydraulic fracturing study, the use of HDD wells is uniquely warranted due to the
restrictions set forth by the operating partner in this study, and the need to focus on
groundwater conditions beneath the production well drilling pad. Due to the study time
constraints, the need to have monitoring points closer to a potential sources area than
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traditional vertical wells is warranted to minimize travel distance of potential
contaminants in the groundwater.

Two examples where HDD wells have been used for groundwater monitoring purposes
include the U.S. Department of Energy’s (DOE) Brookhaven National Laboratory (BNL)
located in Upton, New York, and the EPA’s LCP Chemical Superfund Site in Glynn
County, Georgia. Brief descriptions of these examples are included in Attachments C
and D. In addition, eight other applications of HDD monitoring wells provided by an
Oklahoma based HDD driller is provided as Attachment E.

At the BNL site, two single entry horizontal wells were installed in March, 1997 to
monitor and identify the source of tritium in groundwater beneath the spent fuel pool at
the High Flux Beam Reactor. Both wells were drilled to a depth of 50 feet below ground
surface to intersect the top of the unconfined aquifer. In Glynn County GA, horizontal
groundwater monitoring wells were installed beneath a former chemical manufacturing
site in 2002 to monitor concentrations of mercury, chromium, arsenic and caustic brine
that has migrated through a cemented sandstone confining layer beneath the site
approximately 75 feet below ground surface.

Another example of the use of horizontal wells for groundwater monitoring was
presented on Directional Technologies, Inc. website (http://www.directionaltech.com/
contact-us/). This project involved installing a 120 foot boring to a depth of 20 feet
beneath a New Jersey pharmaceutical company’s building. The boring was drilled to
comply with NJ Department of Environmental Conservation’s mandate to collect soil
samples beneath the building. Following completion of the borehole, a P\VC monitoring
well was installed to monitor groundwater for site contaminants.

Other applications include horizontal monitoring wells beneath a BJ’s Wholesale Club
built over a former plating facility in West Hartford Connecticut (current E & E site), and
HDD monitoring wells installed beneath a landfill in the State of Wisconsin in the late
1990s (Personal communication with WI DNR Division of Water Resources, February
2012).
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SUPREME
HEAVY-DUTY
SHALE TRAP

SPECIAL BG
MONITORING
FORMATION PACKER

K-PACKER
OR TRI-SEAL

SPECIAL CG
MONITORING
K-PACKER
OR TRI-SEAL

FORMATION DEAN BENNETT SUPPLY CO

Toll Free : 800 - 621 - 4291

PACKERS & PRICES ARE YOUR NET COSTS
K-PACKERS

FORMATION PACKERS & SHALE TRAPS

The formation packer or shale trap is molded to fit snugly over PVC or steel liner casing. A stainless steel adjustable clamp is
used to secure the formation packer to the pipe. This all stainless steel clamp is included in the below pricing. The top
portion of the cup is funnel shaped which allows it to function equally efficient in a wide range of hole diameters. The special
compounded rubber is engineered for maximum elasticity which permits the funnel shape to compress into the smaller well
bores without creating over-lays or folds in the rubber which could allow leakage or by-pass. It was also developed with a
maximum strength characteristic which permits the cup to support above average static heads. The packer may be used fora
number of applications such as a cavings catcher, cement slurry retainer for grout work or as a bad water seal. It can be installed
on the liner pipe at the well site as a single sealing unit; however, if extremely bad wall conditions exists in the well, it is
advisable to install three or more shale traps on the liner pipe at approximately two foot intervals.

DENVER STOCKED FORMATION PACKERS

$ 1635 2x 5 Packer with clamp for 2-3/8” O.D. pipe x 5" hole size FP25WC

$ 18.65 4x 7 Packer with clamp for 4-1/2” O.D. pipe x 77 hole size FP4TWC

$ 2725 412x 8 Packer with clamp for 5” O.D. pipe X 8” hole size FP4128WC

$ 27.25 Sx 8 Packer with clamp for 5-9/16™0.D. pipe x 8” hole size FP58WC

$ 3500 6x 10-1/2  Packer with clamp for 6-5/8” O.D. pipe x 10-1/2”hole size FP61012WC

$ 87.00 8x 14 Packer with clamp for 8-5/8” O.D. pipe x 14” hole size FP814WC
$124.00 10 x 16-1/4  Packer with clamp for 10-3/4” O.D. pipe x 16-1/4” hole size FP101614WC
$174.00 12x 20 Packer with clamp for 12 3/4” O.D. pipe x 20” hole size FP1220WC

SPECIAL MONITORING GRADE FORMATION PACKERS
The Type BG Silicon based rubber formation packers are designed and manufactured for sensitive monitoring hole
requitements. The special treated silicon based rubber compound is free of toxic materials and molded in a special section of the
manufacturers’ plant to help ensure a clean hole for sampling. The rubber compound has been tested by an independent 1ab and
lab reports are available. These BG Monitor Packers are not a Denver stock item and will be shipped direct to you from the
factory.
$ 43.00 2 x 6-1/2 BG  Special monitor packer with clamp for 2-3/8” O.D. pipe x 6-1/2” hole
$ 52.75 3x 6 BG Special monitor packer with clamp for 3-1/2” O.D. pipe x 6” hole
$ 76.00 4 x 8-1/2 BG  Special monitor packer with clamp for 4-1/2” O.D. pipe x 8-1/2” hole
$ 104.00 6 x 10-1/2 BG  Special monitor packer with clamp for 6-5/8” O.D. pipe x 10-1/2” hole

K-PACKERS / TRI-SEALS

These rubber K-Packers ( sometimes called Tri-Seals ) are designed to slip directly on to the outside of plastic pipe. The three
rubber ribs form a seal out to the inside of another larger size of plastic pipe. Normally installed above a well screen to make a
watertight seal between the smaller size slotted pipe and a larger size plastic solid casing. THESE K-PACKERS ARE
AVAILABLE IN AN ALMOST UNLIMITED SIZE RANGE ( from 1-1/4” thru 16” ). TO ORDER NON-STOCKED SIZES
YOU MUST KNOW THE O.D. OF THE INNER PIPE AND THE I.D. OF THE OUTER PIPE.

DENVER STOCK K-PACKER SIZES

$ 15.95 2x 4 K-Packer to slip on to 2-3/8” O.D. pipe and form a seal upto a4 LD. pipe KP24

$ 34.50 4x 6 K-Packer to slip on to 4-1/2” O.D. pipe and form a seal upto a 6” LD. pipe KP46

$ 3525 4x 6-1/4 K-Packer to slip on to 4-1/2” O.D. pipe and form a seal upto a 6-1/4” LD. pipe KP4614
$ 76.75 6x 8 K-Packer to slip on to a 6-5/8” O.D. pipe and form a seal upto a 8" LD. pipe KP68

SPECIAL ORDER “CG” MONITORING GRADE K-PACKERS
The Type CG Silicon based rubber K-Packers are designed and manufactured for sensitive monitoring hole requirements. The
special treated silicon based rubber compound is free of toxic materials and molded in a special section of the manufacturers®
plant to help ensure a clean hole for sampling. The rubber compound has been tested by an independent lab and lab reports are
available. These CG Monitor K-Packers are not a Denver stock item and will be shipped direct to you from the factory.

$ 2750 1x2CG Special silicon rubber K-Packer to slip onto 1.315” O.D. and seal to a 2” LD. pipe 12CG
$ 27.50 1-1/4 x 2 CG  Special silicon rubber K-Packer to slip on to 1.660” O.D. and seal to a 2* LD. pipe 1142CG
$ 4575 1x 4CG Special silicon rubber K-Packer to slip onto 1.315” O.D. and seal to a4” 1D. pipe 14CG
$ 4575 1-1/4 x 4 CG  Special silicon rubber K-Packer to slip on to 1.660” O.D. and seal to a 4™ LD. pipe 1144CG
$ 49.00 2x 4CG Special silicon rubber K-Packer to slip on to 2.375” O.D. and seal to a4’ LD. pipe 24CG

Figure 6 Typical Formation Packers






85’
1
FUTURE CHK FUTURE _CHK
WELL PAD \ | 4~ PRODUCTION WELL ; ‘
A EXISTING GROUND SURFACE
I 13 ANGLE OFF 5
- -z 1 __] N i [ OF_VERTICAL ~_ T|_
.75
, SURFACE CASING CEMENTED
APPROXIMATELY 10" INTO
| SHALE UNIT
SHALE
-4” DIAMETER PVC
WELL CASING
o)
O -
M o/
Q
™M
™~ CEMENT/BENTONITE
/ GROUT
BENTONITE—"]
. SEAL \
15 FILTER— | \
PACK o ™S—4” DIAMETER 0.010
SLOT PVC WELL
| SCREEN (1020’
LENGTH
| L= )
N/ ~—1’ PVC SUMP
LEGEND INSET
< APPROXIMATE LOCATION OF
WATER TABLE AQUIFER NOT TO SCALE
FIGURE 7  PROPOSED ANGLE WELL SCHEMATIC
EPA PROSPECTIVE SITE
ALFALFA COUNTY, OKLAHOMA

@ecology and environment






Attachment A





Muni-Pak™ Screens

JohnNSONscreens





I 02

A GIANT STEP
FORWARD IN WELL

DESIGN TECHNOLOGY

MUNI-PAK™ SCREENS:
A BETTER WAY TO GRAVEL PACK

Artificial filter pack is one of the most common designs used today for high-capacity
municipal, industrial and agricultural wells; but before the installation of a filter pack,
the contractor and the well owner must take into account some significant issues:

¢ The borehole must be sufficiently Often an even larger borehole is e The filter pack must be carefully
oversized to allow for adequate advised. The oversized borehole selected, placed and developed to
placement of the filter pack. In is costly to the contractor (and avoid bridging and sand pumping.
practice, an annular thickness of therefore to the well owner) and keeps The well owner is concerned with

3 to 5 in. is considered minimum. the crew on site for additional time. long-term performance. Biofouling

and encrustation are issues that
will eventually affect performance.

Johnson'’s solution for improving the
gravel pack is the Muni-Pak screen.
For the contractor, this state-of-the-art
pre-packed screen eliminates the need
for a larger borehole, shortens the time
required to drill a well, and speeds
development time. It simplifies the
contractor’s work and improves

the odds for successful development.

For the well owner, the Muni-Pak
screen offers long-term benefits.

This latest Johnson Screens innovation
uses Carbolite® beads as the filter
media—a unique concept that reduces
the likelihood of filter pack fouling from
biofilm and encrustation, lowering
overall well maintenance costs.

A Typical Gravel-Pack Well A Muni-Pak Well Carbolite is a registered trademark of Carbo Ceramics, Inc.





MUNI-PAK™ SCREENS:
FIT FOR PURPOSE - YOURS

Johnson Screens’ screen-packing tower
is equipped with a high-intensity shaker
to ensure filter media is tightly packed for
optimal sand control.

A Muni-Pak screen staged for installation in
an industrial well in south Texas.

APPLICATIONS

e Controls sand infiltration in new
high-capacity municipal, industrial
and agricultural wells.

e Can be used as a liner in existing

wells to eliminate the need for
constructing a new well.

e Custom applications such as
infiltration galleries

e Environmental remediations

Muni-Pak screens are used in new and
e Horizontal applications existing wells.

INSTALLATION COSTS:
MUNI-PAK SCREEN VERSUS GRAVEL-PACK FILTERING

L. Single-String Completion
Description

Gravel Pack Muni-Pak
Mobilization $13,000 $13,000
Demobilization $7,500 $7,500
Drilling $94,509 $74,184
Casing $35,827 $35,827
Screen $27,633 $76,700
Gravel Pack $14,959 $0
Grout $40,881 $28,350
Development $24,844 $16,148
Testing $7,800 $7,800
Disinfection $275 $275
Video $700 $700
Site Cleanup $12,000 $12,000
Totals $279,928 $272,484

Savings in underreamed completions can be greater than in single-string completions.
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MUNI-PAK™ SCREENS:
MAKING A DIFFERENCE YOU CAN SEE

FEATURES, ADVANTAGES AND BENEFITS

Packing process allows for a thinner
filler pack.

Johnson’s Muni-Pak screens provide

numerous unique features, advantages
and benefits for the contractor and the

well owner.

e The pre-packed construction of
Muni-Pak screens allows the use of
a smaller borehole versus gravel-
packed filtering, with fewer cuttings,
reduced circulating volume and
increased uphole velocity. This
feature lowers bit and cement costs
and reduces the drilling time.

e Since the media is included as
part of the screen package, gravel
placement is not required —
eliminating bridging filter packs

Dual screen design ready for assembly.
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and time spent packing, as well as
reduction of equipment requirements.
The results are reduced installation
time and lower costs.

The Muni-Pak’s dual-screen
construction is four times
stronger than standard rod-based
screens, allowing more aggressive
development and better immunity
to unexpected hole problems—
providing lower costs.

A thinner filter pack results in

a smaller annulus for easier
development and rehabilitation
of the near-well area over time,
better formation penetration and





Johnson Screens offers a variety of packing medias to cover your well needs.

more aggressive development. The
benefits are a perfect media pack,
reduced site time and lower risk.

The wide range of diameters

(1-1/4 to 20 in.) and connections
(weld rings or threaded fittings)
provides flexibility for meeting most
application needs with a variety of
standard or custom-end fittings—
offering easier adaptation for a wide
array of uses.

The continuous-slot construction
provides maximum open area,
optimizing development and
redevelopment. The result is
thorough development.

With custom lengths up to 40 ft
with no mid-weld, on-site welding
requirements are reduced; thus,
minimizing field assembly time and
associated costs.

e Multiple wire-size and filter-media

options enable custom applications
and maximum depth capabilities,
providing a wide range of uses.

Carbolite ceramic media improves
efficiency by offering excellent
roundness and sphericity; a lower
uniformity coefficient for better
hydraulic conductivity; better flow
characteristics than silica sands; less
buildup of biofilm and encrustation;
and easier media cleaning than with
irregularly shaped silica sand grains.

Muni-Pak is suitable as a liner in
existing well construction, eliminating
the need for constructing a new well
and saving the cost of a new well.

A wide range of screen sizes are available.

L
Screen is being filled and packed in
Johnson Screens’ packing tower.
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MUNI-PAK™ SCREENS:
MAKING THE RIGHT SELECTION

SPECIFICATIONS

Approx. Approx. Media Inner Screen Open Area (in.?/ft) | Outer Screen Open Area (in.?/ft) Approx.
A e
(In.) (in.) (Ib/ft)
2x4 2.2 4.5 0.85 13 23 31 38 43 | 22 39 58 64 74 17
3x5 3.0 5.7 0.97 18 31 42 51 59 | 27 47 64 77 88 23
4x6 4.0 6.7 0.87 22 39 53 64 74 | 25 45 62 77 89 25
5x7 5.0 7.7 0.84 27 47 64 77 86 28 51 71 87 101 27
6x8 6.0 8.7 0.84 25 45 62 77 89 33 59 81 100 116 35
8x 10 8.0 10.8 0.84 33 59 81 100 | 116 | 41 74 101 125 145 55
10x 12 10.0 12.8 0.84 41 74 101 | 125 | 145 | 42 77 107 | 133 155 70
12 x 15 12.0 15.0 0.84 42 77 107 | 133 | 155 | 39 73 102 129 153 85
14 x 16 13.2 16.0 0.69 46 84 | 117 | 146 | 170 | 42 78 110 | 138 | 163 100
16 x 18 15.2 18.0 0.69 42 78 | 110 | 138 | 163 | 47 88 123 | 155 | 183 115
18 x 20 17.0 20.0 0.78 47 88 123 | 155 | 183 | 52 97 137 | 172 204 128

*Other sizes and deep-well construction specifications available on request.

MUNI-PAK SCREEN VERSUS STANDARD ROD BASE

Nominal Size (in.) Collapse Strength (psi) Tensile Strength (Ib)
Rod Base Muni-Pak Rod Base Muni-Pak Rod Base Muni-Pak

2 2 x4 3,830 16,500 4,000 18,800
3 3x5 1,350 5,650 4,800 21,400
4 4x6 660 2,830 5,800 25,700
5 5x7 420 1,550 6,600 28,300
6 6x8 180 990 17,600 33,200
8 8x 10 320 1,160 24,200 67,500
10 10 x 12 170 630 30,800 81,600
12 12 x 15 150 880 35,200 127,900
14 14 x 16 220 1,110 34,000 127,900
16 16 x 18 150 760 34,400 135,400
U 1187 20 i el S il Sl Once the Mlei—Pak is filled with filter media

Typical construction for 500 to 1,500 ft the final end-cap is welded in place.





MUNI-PAK™ SCREENS:
IMPROVING THE LIFE CYCLE OF WELLS

Success Showcase

NEW LIFE FOR AN OLD
COLLECTOR WELL

Collector wells are major investments
and not easily replaced. The City of
Nekoosa, Wisconsin, constructed two
in the 1960s. One became so severely
biofouled and encrusted that pumping
just 200 GPM practically dewatered
the laterals. The problem was that the
design of the original laterals did not
facilitate effective rehabilitation. The

original laterals were slotted 8-in. PVC.

Johnson Screens introduced the
contractor to the advantages of
Muni-Pak screens.

e The prepack design simplified
installation.

® The high open area with a compact,
highly conductive Carbolite® pack
facilitated development (and future
maintenance).

e The properties of the Carbolite
ceramic beads deter biological
growth.

Three Muni-Pak replacement laterals
were successfully installed without
removal of the existing PVC laterals.
After development and testing, the
refurbished collector well had more
than a sevenfold increase in specific
capacity, and testing determined that
78% of the production was coming
from the Muni-Pak laterals.

NEW PREPACK SCREEN INSTALLED IN INDIANA WELL

The City of LaPorte, Indiana, was
planning construction of a new well in
its Warneke field in 2000. Existing wells
in this field were underreamed, gravel-
packed completions drilled by reverse
circulation and had been plagued with
decreased specific capacity.

Johnson Screens worked with the
City’s contractor on presenting the
Muni-Pak product to City engineers.

Despite an initial concern about proper
packing and adequate production from
a prepack design, the City chose the
Muni-Pak solution for several reasons:

* The prepack design negated
concerns over proper pack
placement.

¢ The slim pack afforded greater
development potential than an
underreamed completion.

e The Carbolite pack was considered
superior to conventional silica sand.

After successful placement of the
Muni-Pak screen, the new well was
developed without a problem, and a
24-hour pumping test was conducted.
The well produced 805 GPM with a
specific capacity of a 24.6-gal/min/ft
drawdown. This production compares

favorably to the existing wells in the
Warneke field, which had much larger
underreamed holes. The Muni-Pak
screen passed the test.

Water well drillers find Muni-Pak screens
easy to install.





Providing over 100 years of experience,
iInnovation and customer satisfaction.

Contact us today.

OUR WIDE RANGE OF PRECISION
ENGINEERED EQUIPMENT IS SUITABLE

FOR MORE APPLICATIONS THAN EVER.

Turn to Johnson Screens to help maximize
your operational efficiency and find long-
term, trouble-free solutions. Discover our
ever-expanding range of products,
designed with your needs in mind:

ARCHITECTURE AND
CONSTRUCTION
Column covers

Custom lighting

Exterior applications

Furniture

Interior applications

Grating

Wall cladding

Steel Brite™

GENERAL INDUSTRIAL
Centrifuge baskets

Flat panel screens

Inline strainers

Laterals

Nozzles

Sieve screens and boxes
Support grids

Water treatment equipment

Johnsonscreens

MINERAL AND AGGREGATE
PROCESSING
Vee-Wire® screening systems
Polyurethane screening
Rubber screening systems
Woven wire screening systems
Screening accessories

Wear linings

Mill linings

Fabrication

HDPE pipe

Water treatment equipment

ON-SITE SERVICES
Installation

Inspection

Repair

Assistance

Supervision

PULP AND PAPER
Effluent treatment equipment
Fiber line equipment

Pressure screens, baskets, rotors
Progressive Cavity Pumps
Pulpers, extraction plate, rotors
Reject handling equipment, drums
Sieve bends, screen panels

Water treatment equipment

REFINING AND PETROCHEMICAL
Centerpipes

Distributor trays

Inlet baskets

Outlet baskets

Overlay grids

Scale traps

Scallop screens

Vessel internals

WATER PROCESSING AND FLUID
TREATMENT

Solids screening

Complete line of headworks products
Conveyors and compactors

Package plants

Sludge treatment

Clarification

Filtration

Biological and advanced treatment
Sludge dewatering and handling
Industrial pumps

Process performance chemicals

WATER WELL

Nu-Well™ chemicals

PVC casings and risers

PVC drop pipe

PVC well screens

Pre-packed well screens
Rod-based well screens

Stainless steel casings and risers
Well screen fittings and accessories

AUSTRALIA - ASIA PACIFIC

Johnson Screens Australia

TEL.: +617 3867 5555

FAX: +617 3265 2768

EMAIL: salesasiapacific@johnsonscreens.com

www.johnsonscreens.com

EUROPE - MIDDLE EAST - AFRICA
Johnson Screens France

TEL.: +33 (0)5 4902 1600

FAX: +33(0)5 4902 1616

EMAIL: saleseurope@johnsonscreens.com

Copyright ©2011 All rights reserved to Johnson Screens, Inc.

A Weatherford Company

NORTH, SOUTH & CENTRAL AMERICA
Johnson Screens USA

TEL.: +1 651 636 3900

FAX: +16516383171

EMAIL: salesamerica@johnsonscreens.com

1159.01
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U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION II

GROUND WATER SAMPLING PROCEDURE
LOW STRESS (Low Flow) PURGING AND SAMPLING

SCOPE & APPLICATION

This Low Stress (or Low-Flow) Purging and Sampling Procedure is the
EPA Region II standard method for collecting low stress (low flow)
ground water samples from monitoring wells. Low stress Purging and
Sampling results in collection of ground water samples from monitoring
wells that are representative of ground water conditions in the
geological formation. This is accomplished by minimizing stress on
the geological formation and minimizing disturbance of sediment that
has collected in the well. The procedure applies to monitoring wells
that have an inner casing with a diameter of 2.0 inches or greater,
and maximum screened intervals of ten feet unless multiple intervals
are sampled. The procedure is appropriate for collection of ground
water samples that will be analyzed for volatile and semi-volatile
organic compounds (VOCs and SVOCs), pesticides, polychlorinated
biphenyls (PCBs), metals, and microbiological and other contaminants
in association with all EPA programs.

This procedure does not address the collection of light or dense non-
agueous phase liquids (LNAPL or DNAPL) samples, and should be used for
aqueous samples only. For sampling NAPLs, the reader is referred to
the following EPA publications: DNAPL Site Evaluation (Cohen & Mercer,
1993) and the RCRA Ground-Water Monitoring: Draft Technical Guidance
(EPA/530-R-93-001), and references therein.

METHOD SUMMARY

The purpose of the low stress purging and sampling procedure is
to collect ground water samples from monitoring wells that are
representative of ground water conditions in the geological
formation. This is accomplished by setting the intake wvelocity
of the sampling pump to a flow rate that limits drawdown inside
the well casing.

Sampling at the prescribed (low) flow rate has three primary benefits.
First, it minimizes disturbance of sediment in the bottom of the well,
thereby producing a sample with low turbidity (i.e., low concentration
of suspended particles). Typically, this saves time and analytical
costs by eliminating the need for collecting and analyzing an
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additional filtered sample from the same well. Second, this procedure
minimizes aeration of the ground water during sample collection, which
improves the sample quality for VOC analysis. Third, in most cases
the procedure significantly reduces the volume of ground water purged
from a well and the costs associated with its proper treatment and
disposal.

ADDRESSING POTENTIAL PROBLEMS

Problems that may be encountered using this technique include a)
difficulty in sampling wells with insufficient yield; b) failure of
one or more key indicator parameters to stabilize; c¢) cascading of
water and/or formation of air bubbles in the tubing; and d) cross-
contamination between wells.

Insufficient Yield

Wells with insufficient yield (i.e., low recharge rate of the well)
may dewater during purging. Care should be taken to avoid loss of
pressure in the tubing line due to dewatering of the well below the
level of the pump’s intake. Purging should be interrupted before the
water level in the well drops below the top of the pump, as this may
induce cascading of the sand pack. Pumping the well dry should
therefore be avoided to the extent possible in all cases. Sampling
should commence as soon as the volume in the well has recovered
sufficiently to allow collection of samples. Alternatively, ground
water samples may be obtained with techniques designed for the
unsaturated zone, such as lysimeters.

Failure to Stabilize Key Indicator Parameters

If one or more key indicator parameters fails to stabilize after 4
hours, one of four options should be considered: a) continue purging
in an attempt to achieve stabilization; b) discontinue purging, do not
collect samples, and document attempts to reach stabilization in the
log book; c¢) discontinue purging, collect samples, and document
attempts to reach stabilization in the log book; or d) Secure the
well, purge and collect samples the next day (preferred). The key
indicator parameter for samples to be analyzed for VOCs is dissolved
oxygen. The key indicator parameter for all other samples is
turbidity.

Cascading
To prevent cascading and/or air bubble formation in the tubing, care

should be taken to ensure that the flow rate is sufficient to maintain
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pump suction. Minimize the length and diameter of tubing (i.e., 1/4
or 3/8 inch ID) to ensure that the tubing remains filled with ground
water during sampling.

Cross-Contamination

To prevent cross-contamination between wells, it is strongly
recommended that dedicated, in-place pumps be used. As an
alternative, the potential for cross-contamination can be reduced by
performing the more thorough “daily” decontamination procedures
between sampling of each well in addition to the start of each
sampling day (see Section VII, below).

Equipment Failure

Adequate equipment should be on-hand so that equipment failures do not

adversely impact sampling activities.

PLANNING DOCUMENTATION AND EQUIPMENT

> Approved site-specific Field Sampling Plan/Quality Assurance

Project Plan (QAPP). This plan must specify the type of pump and
other equipment to be used. The QAPP must also specify the depth

to which the pump intake should be lowered in each well.
Generally, the target depth will correspond to the mid-point of
the most permeable zone in the screened interval. Borehole

geologic and geophysical logs can be used to help select the most

permeable zone. However, in some cases, other criteria may be
used to select the target depth for the pump intake. In all
cases, the target depth must be approved by the EPA
hydrogeologist or EPA project scientist.

> Well construction data, location map, field data from last
sampling event.

> Polyethylene sheeting.

> Flame Ionization Detector (FID) and Photo Ionization Detector
(PID) .

> Adjustable rate, positive displacement ground water sampling pump
(e.g., centrifugal or bladder pumps constructed of stainless
steel or Teflon). A peristaltic pump may only be used for

inorganic sample collection.
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Interface probe or equivalent device for determining the presence
or absence of NAPL.

Teflon or Teflon-lined polyethylene tubing to collect samples for
organic analysis. Teflon or Teflon-lined polyethylene, PVC, Tygon
or polyethylene tubing to collect samples for inorganic analysis.

Sufficient tubing of the appropriate material must be available

so that each well has dedicated tubing.

Water level measuring device, minimum 0.01 foot accuracy,
(electronic preferred for tracking water level drawdown during
all pumping operations) .

Flow measurement supplies (e.g., graduated cylinder and stop
watch or in-line flow meter).

Power source (generator, nitrogen tank, etc.).

Monitoring instruments for indicator parameters. Eh and dissolved
oxygen must be monitored in-line using an instrument with a
continuous readout display. Specific conductance, pH, and
temperature may be monitored either in-line or using separate
probes. A nephalometer is used to measure turbidity.

Decontamination supplies (see Section VII, below).
Logbook (see Section VIII, below).
Sample bottles.

Sample preservation supplies (as required by the analytical
methods) .

Sample tags or labels, chain of custody.

SAMPLING PROCEDURES

Pre-Sampling Activities

1.

Start at the well known or believed to have the least
contaminated ground water and proceed systematically to the well
with the most contaminated ground water. Check the well, the
lock, and the locking cap for damage or evidence of tampering.
Record observations.

Lay out sheet of polyethylene for placement of monitoring and
sampling equipment.
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Measure VOCs at the rim of the unopened well with a PID and FID
instrument and record the reading in the field log book.

Remove well cap.

Measure VOCs at the rim of the opened well with a PID and an FID
instrument and record the reading in the field log book.

If the well casing does not have a reference point (usually a V-
cut or indelible mark in the well casing), make one. Note that
the reference point should be surveyed for correction of ground
water elevations to the mean geodesic datum (MSL) .

Measure and record the depth to water (to 0.01 ft) in all wells
to be sampled prior to purging. Care should be taken to minimize
disturbance in the water column and dislodging of any particulate
matter attached to the sides or settled at the bottom of the
well.

If desired, measure and record the depth of any NAPLs using an
interface probe. Care should be taken to minimize disturbance of
any sediment that has accumulated at the bottom of the well.
Record the observations in the log book. If LNAPLs and/or DNAPLS
are detected, install the pump at this time, as described in step
9, below. Allow the well to sit for several days between the
measurement or sampling of any DNAPLs and the low-stress purging
and sampling of the ground water.

Sampling Procedures

9.

10.

11.

Install Pump: Slowly lower the pump, safety cable, tubing and
electrical lines into the well to the depth specified for that
well in the EPA-approved QAPP or a depth otherwise approved by
the EPA hydrogeologist or EPA project scientist. The pump intake
must be kept at least two (2) feet above the bottom of the well
to prevent disturbance and resuspension of any sediment or NAPL
present in the bottom of the well. Record the depth to which the
pump is lowered.

Measure Water Level: Before starting the pump, measure the water
level again with the pump in the well. Leave the water level
measuring device in the well.

Purge Well: Start pumping the well at 200 to 500 milliliters

per minute (ml/min). The water level should be monitored
approximately every five minutes. Ideally, a steady flow
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rate should be maintained that results in a stabilized water
level (drawdown of 0.3 ft or less). Pumping rates should, if
needed, be reduced to the minimum capabilities of the pump
to ensure stabilization of the water level. As noted above,
care should be taken to maintain pump suction and to avoid
entrainment of air in the tubing. Record each adjustment
made to the pumping rate and the water level measured
immediately after each adjustment.

Monitor Indicator Parameters: During purging of the well,
monitor and record the field indicator parameters (turbidity,
temperature, specific conductance, pH, Eh, and DO) approximately
every five minutes. The well is considered stabilized and ready
for sample collection when the indicator parameters have
stabilized for three consecutive readings as follows (Puls and
Barcelona, 1996) :

+0.1 for pH

+3% for specific conductance (conductivity)

+10 mv for redox potential

+10% for DO and turbidity

Dissolved oxygen and turbidity usually require the longest time
to achieve stabilization. The pump must not be removed from the
well between purging and sampling.

Collect Samples: Collect samples at a flow rate between 100 and
250 ml/min and such that drawdown of the water level within the
well does not exceed the maximum allowable drawdown of 0.3 ft.
VOC samples must be collected first and directly into sample
containers. All sample containers should be filled with minimal
turbulence by allowing the ground water to flow from the tubing
gently down the inside of the container.

Ground water samples to be analyzed for volatile organic
compounds (VOCs) require pH adjustment. The appropriate EPA
Program Guidance should be consulted to determine whether pH
adjustment is necessary. If pH adjustment is necessary for VOC
sample preservation, the amount of acid to be added to each
sample vial prior to sampling should be determined, drop by drop,
on a separate and equal volume of water (e.g., 40 ml). Ground
water purged from the well prior to sampling can be used for this
purpose.

Remove Pump and Tubing: After collection of the samples, the
tubing, unless permanently installed, must be properly discarded
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or dedicated to the well for resampling by hanging the tubing
inside the well.

15. Measure and record well depth.
16. Close and lock the well.
FIELD QUALITY CONTROL SAMPLES

Quality control samples must be collected to determine if sample
collection and handling procedures have adversely affected the quality
of the ground water samples. The appropriate EPA Program Guidance
should be consulted in preparing the field QC sample requirements of
the site-specific QAPP.

All field quality control samples must be prepared exactly as regular
investigation samples with regard to sample volume, containers, and
preservation. The following quality control samples should be
collected during the sampling event:

> Field duplicates
> Trip blanks for VOCs only

> Equipment blank (not necessary if equipment is dedicated to the
well)

As noted above, ground water samples should be collected
systematically from wells with the lowest level of contamination
through to wells with highest level of contamination. The equipment
blank should be collected after sampling from the most contaminated
well.

DECONTAMINATION

Non-disposable sampling equipment, including the pump and support
cable and electrical wires which contact the sample, must be
decontaminated thoroughly each day before use (“daily decon”) and
after each well is sampled (“between-well decon”). Dedicated,
in-place pumps and tubing must be thoroughly decontaminated using
“daily decon” procedures (see #17, below) prior to their initial use.
For centrifugal pumps, it is strongly recommended that non-disposable
sampling equipment, including the pump and support cable and
electrical wires in contact with the sample, be decontaminated
thoroughly each day before use (“daily decon”).

EPA’'s field experience indicates that the life of centrifugal pumps
may be extended by removing entrained grit. This also permits
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inspection and replacement of the cooling water in centrifugal pumps.
All non-dedicated sampling equipment (pumps, tubing, etc.) must be
decontaminated after each well is sampled (“between-well decon,” see
#18 below) .

17.

18.

Daily Decon

A) Pre-rinse: Operate pump in a deep basin containing 8 to 10
gallons of potable water for 5 minutes and flush other equipment
with potable water for 5 minutes.

B) Wash: Operate pump in a deep basin containing 8 to 10 gallons
of a non-phosphate detergent solution, such as Alconox, for 5
minutes and flush other equipment with fresh detergent solution
for 5 minutes. TUse the detergent sparingly.

C) Rinse: Operate pump in a deep basin of potable water for 5
minutes and flush other equipment with potable water for 5
minutes.

D) Disassemble pump.

E) Wash pump parts: Place the disassembled parts of the pump into
a deep basin containing 8 to 10 gallons of non-phosphate
detergent solution. Scrub all pump parts with a test tube brush.
F) Rinse pump parts with potable water.

G) Rinse the following pump parts with distilled/ deionized
water: inlet screen, the shaft, the suction interconnector, the

motor lead assembly, and the stator housing.

H) Place impeller assembly in a large glass beaker and rinse with
% nitric acid (HNO,) .

I) Rinse impeller assembly with potable water.

J) Place impeller assembly in a large glass bleaker and rinse
with isopropanol.

K) Rinse impeller assembly with distilled/deionized water.

Between-Well Decon
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A) Pre-rinse: Operate pump in a deep basin containing 8 to 10
gallons of potable water for 5 minutes and flush other equipment
with potable water for 5 minutes.

B) Wash: Operate pump in a deep basin containing 8 to 10 gallons
of a non-phosphate detergent solution, such as Alconox, for 5
minutes and flush other equipment with fresh detergent solution
for 5 minutes. Use the detergent sparingly.

C) Rinse: Operate pump in a deep basin of potable water for 5
minutes and flush other equipment with potable water for 5
minutes.

D) Final Rinse: Operate pump in a deep basin of

distilled/deionized water to pump out 1 to 2 gallons of this
final rinse water.

FIELD LOG BOOK

A field log book must be kept each time ground water monitoring
activities are conducted in the field. The field log book should
document the following:

> Well identification number and physical condition.

> Well depth, and measurement technique.

> Static water level depth, date, time, and measurement technique.

> Presence and thickness of immiscible liquid layers and detection
method.

> Collection method for immiscible liquid layers.

> Pumping rate, drawdown, indicator parameters values, and clock
time, at three to five minute intervals; calculate or measure
total volume pumped.

> Well sampling sequence and time of sample collection.

> Types of sample bottles used and sample identification numbers.

> Preservatives used.

> Parameters requested for analysis.

> Field observations of sampling event.

> Name of sample collector(s).

> Weather conditions.

> QA/QC data for field instruments.

REFERENCES
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BNL Contact: Mona S. Rowe 516/344-2345
DOE Contact: Jayne Brady 202/586-5806

BROOKI—IAVEN NATIONAL LAB SPENT FUEL POOL CONSIDERED PRIMARY SOURCE
OF TRITIUM GROUNDWATER CONTAMINATION

Horizontal Well Data Now Avazlable ’

UPTON, NY -- Recent analysis of samples taken from two horizontal wells immediately north and south
of the spent fuel-pool at the High Flux Beam Reactor (HFBR) at the U.S. Department of Energy's
Brookhaven National Laboratory (BNL) did not definitively confirm the pool as the primary source of
tritium in the groundwater south of the reactor. Nevertheless, BNL reaffirmed today that analyses of all
available data continue to strongly indicate that the spent fuel pool is the predominant cause of tritium
contamination.

In March, two horizontal wells, one on the north side and one on the south side of the spent fuel pool,
were drilled in the water table, which is about 50 feet below the building foundation, to provide
additional data about the source of the tritium plume.

It was expected that the north well upgradient of the groundwater flow and one foot below the water
table would show little or no tritium, while the southern well four feet below the water table would
indicate high levels of tritium flowing from the fuel pool.

However, sampfes from the northern well data show tritium concentrations ranging from 2,000 to
19,000 picocuries per liter; the southern well samples show tritium concentrations of 2,000 to 5,000
picocuries per liter. (See illustration.)

These findings may be the result of differences in the depth that the two
wells occupy in the water table. Tritium escaping from the pool may
remain in the upper level of the water table, above the depth of the
southern well. It 1s also possible that tritium is seeping from the pool in
| narrow patterns that bypasses the southern well. The tritium detected by
,.oc» the northern well may reasonably be attributed to leakage from the fuel
pool.

Other available data strongly support the spent fuel pool as the prlmary
contamination source:

Nulnlrlca\valu & indicats
nnncamratlun: In fhoLzan
L]

i

RELATIONSKIP DF HORIZONTAL WELLS TO

SPENT FUEL POOL AT HFBA - Leak tests show that the spent fuel pool is losing 6 to 9 gallons per day
o Sampling data indicate a continuing leak of at least 12 years in duration.
» Review of historical reactor operating data and recent engineering evaluations of the reactor do
not reveal any other plausible source of the observed contamination.

http://www.bnl.gov/bnlweb/pubaf/pr/1997/bnldoepr042197.html 2/22/2012
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Small leaks such as those from sewage lines or from pipes embedded in the reactor floor cannot be ruled
out as a contributing source but cannot explain the plume.

.- Next Steps

The laboratory is evaluating alternative sampling methods to confirm the plume source. In addition, the
Department of Energy will continue its plan to empty the spent fuel pool, which contains 68,000 gallons
of tritiated water at a concentration of 130 million picocuries per liter. DOE and BNL are working with
regulators to determine the most effective interim and long-term methods for remediating the
contaminated water. ™

The U.S. Environmental Protection Agency and the Suffolk Country Department of Health Services
continue to state that the contamination poses no public health threat.

=30 -
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Issued March 21, 1997

BNL Contact: Meona S. Rowe 516/344-2345
DOE Contact: Jayne Brady 202/586-5806
EPA Contact: Rich Cahill 212/637-3663

MARCH 21 UPDATE ON GROUNDWATER CONTAMINATION
AT BROOKHAVEN NATIONAL LABORATORY

UPTON, NY -- The U.S. Department of Energy's (DOE) Brookhaven National Laboratory (BNL) today
released data that better define the location of the tritium plume south of the High Flux Beam Reactor
(HFBR). The laboratory is also considering interim cleanup remedies as possible solutions to ensure that
the plume does not move further southward.

Both the U.S. Environmental Protection Agency (EPA) and the Suffolk County Department of Health
Services have stated that the contamination poses no public health threat. The most recent findings are
summarized below. '

GROUNDWATER MONITORING

Partial results have been received from on-site groundwater monitoring wells two-thirds of a mile south
of the HFBR and show that the highest tritium concentration is 5,815 picocuries per liter (pCi/L),
slightly over one-fourth the EPA drinking water standard of 20,000 pCi/L. Results have been received
from 12 of 22 wells at the location, at depths ranging from 40 to 200 feet below land surface. The peak

. concentration was found at 150 feet below land surface. Results from the samples taken from the
remaining wells at this location are expected shortly.

The 22 wells were drilled as part of an effort to find the southernmost, or leading, edge of the |
contamination plume; groundwater in the area flows south at a rate of about a foot a day. The wells are
two-thirds of a mile north of the BNL southern boundary.

Complete results are now available from seven wells located a third of a mile (1,900 feet) south of the
HFBR. A total of four of the seven wells show tritium above the EPA drinking water standard, with a
peak concentration of 140,700 pCi/L at 140 feet below land surface. This peak concentration was found
in one well.

BNL continues to install and sample additional monitoring wells on the BNL site, including two sets of
wells, 0.5 miles and 1.2 miles south of the HFBR, in order to more closely define the contamination's
leading edge.

FINDING THE SOURCE

The most likely source of the tritium contamination is a spent fuel pool in the HFBR building. The
68,000-gallon pool contains tritiated water at a concentration of 130 million pCi/l. Beginning March 5,
A&L Underground, Inc., of Olathe, Kansas, began drilling two horizontal wells 50 feet below the
building's foundation to verify the source of the tritium. The diilling is now completed, and the wells
should be ready for sampling next week.

http://www.bnl.gov/bnlweb/pubaf/pr/1997/bnldoeepapr032197 . html 2/22/20 12.
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PROTECTING DRINKING WATER

EPA is independently analyzing all of the water samples taken from BNL's network of monitoring wells
around the HFBR. To date, BNL and EPA sampling results have been consistently in agreement.

No drinking water, either on or off the Laboratory site, is affected by the HFBR-related tritium

contamination. Daily tests of BNL's drinking water have confirmed that it is not contaminated with

tritium. Additional wells are being installed and sampled at the site boundary south of the HFBR to
reconfirm that the contamination has not reached the boundary.

CLEANUP EFFORTS

DOE and BNL are currently working with regulators to determine the most effective methods for
remediating the contaminated water. Until those decisions are made, county, state, and Federal
regulators are considering potential interim remedies to prevent the tritium plume from moving forther
south.

A series of information sessions on the interim remedies will be presented to the public over the next
few weeks. The first session is scheduled for Monday, March 24, from 6-8 p.m. in the Dowling College
NAT Center on William Floyd Parkway (County Road 46). The second session is scheduled for
Tuesday, April 1, from 6:30-8:30 p.m. in the Dayton Avenue School in Manorville.

30
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Caustic Brine and Chemicals Enter
Drinking Water Aquifer at LCP
Chemicals Superfund Site

Glynn County was assured that no chemicals were entering our
drinking water aquifer from the LCP Chemicals Superfund Site. Once

- horizontal monitoring wells were installed below the layer protecting
the aquifer in 2002, sampling data told a different story. The 2005
sampling result show the trickle of toxic chemicals has increase to a
hemorrhage and levels are skyrocketing.

Massive amounts of mercury, chromium, arsenic, and caustic brine
were released into the ground at the LCP Chemicals Site. The pH (a
measure of acidity to alkalinity on a scale of 1 to 14) of the caustic
brine in the groundwater was a very alkaline pH 13. The brine was so
strong it actually dissolved the soil; the confining layer protecting our
drinking water aquifer is suspected of being dissolved also. -

The Georgia Environmental Protection Division (GA-EPD) has pled
with the EPA to take action for several years without success.
Currently, the EPA is trying to get Honeywell to take action through
legal means, but no action has been taken to stop the flow of
chemicals.

The EPA noted, “Groundwater data collected from 2002 to 2004
documents the presence of groundwater contamination at the site
which, if left unaddressed, may pose a significant threat to human
health and the environment.” The EPA has also come to the same
conclusion the GA-EPD came to several years ago. “Samples collected
from horizontal wells show an increasing trend of heavy metal
concentrations associated with the CBP (Caustic Brine Pool), in one or
more of the horizontal monitoring wells, thus confirming that the
cemented sandstone layer is not effective in preventing downward
migration of contaminants.” The EPA does have the authority to take

mhtm:file://X:\ShaleGas\2010 EPA Study\EnE Assignments\Prospective Sites\Louisiana\... 2/22/2012





Caustic Brine and Chemicals Enter Drinking Water Aquifer at LCP Chemicals Superfund... Page 2 of 2

action to protect our drinking water. What is unknown is if the EPA
has the will to take action. More than two years have gone by since
the GA-EPD asked the EPA to take decisive action to stop the flow of
toxic chemicals into Glynn County’s drinking water aquifer.

T OF SIGH
leaked salvents

Contact Us Links Join Now
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Associated Industries

“Associated Environmental Industries, Corp.”
“Associated Directional Drilling”
“Associated Tool Works”

PO Box 5300 Norman, Oklahoma 73070
Phone: (405) 360-1434 FAX: (405) 360-1480

STATEMENT OF QUALIFICATIONS
HORIZONTAL MONITORING WELLS

MWH AMERICAS, INC.
AGCO PLANT, HESSTON, KS
Drill and complete 1 -6 x 35’ and 5 — 6” x 38.5> PVC monitoring wells
and open trench and install 2 —1” x 1,000’ poly lines and drill 1 —-165’
horizontal monitoring well.

ENERCON SERVICES, INC.
STOCKARD’S CITGO, SAPULPA, OK
Vertical drilling, sampling and completing of 21 — 2” x 25 PVC
monitoring wells and horizontal drilling and completing of 3 — 2”
HDPE injection wells (630’ total) and horizontal drilling and
completing of 4 — 4” HDPE extraction wells (1,005’ total)

LONE WOLF RESOURCES, LL.C
ANADARKO PETROLEUM SITE, BNSF RXR, ENID, OK
Directionally drill under BNSF RXR & install 1 -6” & 1-3” X 195
HDPE SDR11 monitoring well lines and directionally drill under
BNSF RXR & install 2 — 6” x 210> HDPE SDR11 monitoring well lines

GMR & ASSOCIATES, INC.
THE CORNER STORE, SNYDER, OK
Drilling and installation of four 6.25” X 345’ horizontal monitoring
wells under Highway 82 & Highway 183.
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CROSSTIMBERS ENVIRONMENTAL
NEW THUNDERBIRD GROCERY SITE, NORMAN, OK
Drilling and installation of eight 4 X 450’ horizontal monitoring wells
under Highway 9 East.

THE BENHAM COMPANIES
FORMER FACET INTERNATIONAL — TULSA, OK
Drilling and installation of two horizontal recovery wells to 565
underneath an existing structure

THE BENHAM COMPANIES, INC.
PANTHER CREEK, OK
Drill 2 horizontal wells to a total footage of 837° X 4” HDPE.

BROWN & ROOT ENVIRONMENTAL
TINKER AIR FORCE BASE, MWC, OKLAHOMA

Drill and install 1, 6" X 917' HDPE Horizontal monitoring well.
Horizontal drilling using a 350,000# pull back drill rig, equipped with
a wire-line guidance system, down hole mud motor, and a 12.25" bit.
All fluids were contained on site and disposed of in cooperation with
EPA guidelines. Because of site conditions all pipe was installed using
a blind method and without an exit hole. When completed, ran down-
hole video camera full length of the bore.

TERRANEXT
GROESBECK, TEXAS.
Drill and install 3, 4"X 60' to 80' HDPE/SRW Horizontal wells.
Horizontal drilling using a Vermeer D24X40 Navigator. Drilled and
installed 3 horizontal monitoring wells. Used 4"X 12' HDPE casing,
Neoprene formation packer, then 4"X 30' HDPE screen with 0.020
slot.

TRUST ENVIRONMENTAL SERVICES, LLC.
OKLAHOMA CITY, OKLAHOMA
Drill and install 1, 12"X 100" Horizontal monitoring well. Horizontal
drilling using a Vermeer D50X100, equipped with a down hole mud
motor and a Digitrak walkover guidance system.

TRUST ENVIRONMENTAL SERVICES
MIDWEST CITY, OKLAHOMA
Drill and install 1, 3"'X 80', 1, 3""X 160', and 1, 3"'X 145' Horizontal monitoring
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wells. Horizontal drilling using a Vermeer D50X100, equipped with a down
hole mud motor and a Digitrak walk-over guidance system. The 80' and 160’
wells were completed as HDPE Soil Vapor Extraction wells. The 145' was
completed as an HDPE Air Sparge well. A vacuum truck was also used to
containerize all contaminated drilling fluids and sludge, then disposed of
according to EPA guidelines.

TRUST ENVIRONMENTAL SERVICES LLC.
MiD-WEST CITY, OK
Drill and install 3 horizontal wells for a soil vapor extraction system.
Due to off site conditions access was not available for the drill to exit
and pull back the well casing. So all three well were installed using a
blind method of installation. All fluids and cuttings were contained in
a closed system and transported directly to the landfill.

BROWN & ROOT ENVIRONMENTAL
MID-WEST CITY, OK
Fishing and rehabilitate P-15 a 905' horizontal well. Fish out 250' of 4"
pre pack channel sand & screen, jet the well, make several video
camera runs, and re-complete the well.

BROWN & ROOT ENVIRONMENTAL
TINKER AIR FORCE BASE, MID-WEST CITY, OK

Plug & Abandonment No. 4. Drilling and installing approximately 150
monitor wells from 15' to 160', some with telescoping casings (300' X
16" PVC casing, 1,050' X 10" PVC & 2,762' X 4" STAINLESS
STEEL). Over drill, plug & abandon 8, 4" stainless steel and PVC
wells from 15' to 135'. Develop wells with a Smeal development rig
(surge block and pump method). Dig and construct 105 surface
completions. Some wells were over drilled and new wells installed in
the same borehole. Also clean out and repair P-15, 900' X 6" HDPE
Horizontal well, use downhole camera to aid in repairs.

Since its inception, Associated Environmental Industries, Corp. has drilled
environmental monitoring wells, recovery wells, and soil borings in Oklahoma,
Texas, Missouri, Kansas, Iowa, Illinois and Colorado. We are presently licensed in
most of those states.
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